INTRODUCTION
Vernal keratoconjunctivitis (VKC) is a chronic, bilateral allergic disease of the external eye that leads to chronic irritation, watering, and discharge. It occurs universally but is more common in hot and dry environments. It typically affects children in their first two decades and although the majority of cases have a good prognosis and resolve spontaneously after puberty, potentially sight-threatening corneal changes occur in up to 10% of patients ( Figure 1 ). [1] [2] [3] [4] Vernal keratoconjunctivitis is an important cause of hospital referral among children in many parts of Africa, 3, 5, 6 Asia, 7 and the Middle East 1 with a prevalence of 5% reported for children in their first decade in Chad and Djibouti. 8 The pathogenesis of VKC is complex and involves environmental, endocrine, racial, and genetic factors. 3, 9 Many studies of allergic diseases show a rural environment to be protective but the mechanism of this effect is unknown. 10, 11 There are conflicting reports on the effect of parasitic intestinal load in the pathogenesis of atopy, 12, 13 and whether helminthiasis is protective 14, 15 or a risk factor for allergy. 16 Anti-parasitic treatment was reported to improve the course of VKC in two case series, 8, 17 and a hospital-based study in Nigeria showed that patients with VKC had a larger intestinal parasite load in their stools than unaffected controls. 18 These findings suggest that parasites play a role in the pathogenesis of VKC and that treatment of parasitic infestation may help control VKC.
Because there has been relatively little work on the prevalence and risk factors for developing VKC in tropical countries, we undertook a nested population-based case control study of primary school children in Rwanda (Central Africa). The purpose was to assess the prevalence of VKC and the role of potential risk factors for development of disease such as gender, gastrointestinal parasitic burden, climate, socio-economic level, and sensitization to locally relevant allergens.
METHODS
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Rwandan National Ethics Committee. The study was performed during the dry season between August and September 2007. The sample size calculation, questionnaire, data recording instruments, and logistics were based on an earlier pilot study. The questionnaire, information sheet, and consent form were translated from English into the local language, Kinyarwanda, and back-translated by two different translators.
Sample size calculation. A case control study with three controls recruited for each case of VKC would require 107 cases (and 321 controls) to detect an odds ratio (OR) of 2.0 at the 95% confidence level and with 80% power, assuming 40% of cases are exposed to the risk factor of interest. Expecting a prevalence of VKC of 3.5%, 3,057 children would need to be examined to generate 107 cases.
Sampling strategy. Four different environments were identified: two in districts with a dry hot climate (urban Kicukiro and rural Bugesera), and two in a district with a humid moderate climate (urban and rural Muhanga). 19 Primary schools located in these environments were then randomly selected from the district school lists, using a random digit generator sheet and according to probability proportional to size. Because the selected schools in the moderate environment were small, an additional two schools had to be selected there, resulting in six schools chosen to have equal numbers of children from the different environments. For each selected school an alphabetical list of school children between 7 and 14 years of age was generated based on the enrollment documents. Although in Rwanda primary school education is compulsory, we also included and traced 18 children who had abandoned school, and who were identified following a comparison of the current school registers and the previous ones until 6 years before the study. Starting from the top of each list children were recruited until similar numbers of participants were invited from each environment. The selected children and their families were then invited to participate by public announcements and during a parents meeting at the school. The study Abstract. Vernal keratoconjunctivitis (VKC) is an allergic eye disease and an important cause of hospital referral among children in Africa and Asia. Hospital-based studies have suggested a role for parasites in its pathogenesis. To determine the prevalence and risk factors for VKC in Central Africa, we conducted a nested population-based case control study in Rwanda, involving randomly selected primary schools from different environments (rural/urban) and climate. A prevalence of VKC of 4.0% (95% confidence interval 3.3-4.7%) was found among 3,041 children studied (participation rate 94.7%). The intestinal parasitic burden was not related to VKC. Besides hot dry climate (odds ratio [OR] = 1.5, P = 0.05) and male gender (OR = 1.7, P = 0.005), multivariate analysis identified higher economic status as a risk for VKC (OR = 1.4, P = 0.005). The effect on VKC of higher economic status appears not to act through differences in parasitic intestinal load. took place on the school premises and on the study day the identity of the children was checked against their vaccination certificate, medical insurance, or identity card, and only those whose identity was confirmed were included. An information sheet was read to the parents or guardians in Kinyarwanda, after which they were asked to sign a consent form.
Interview and examination of all children. Participating children and their parents or guardians were interviewed about demographic, socio-economic, and environmental factors of potential etiological relevance. Dust exposure was defined as reported dust on plants surrounding the house during at least one season. Symptoms in relation to VKC were also questioned, and the findings will be published separately. Socio-economic status was evaluated in different ways. First, methods from the World Bank's Living Standards Measurement Study 20 were used as the basis of assessment because they had already been validated in Rwanda. 21 Seven locally relevant items were chosen that best reflected household expenditure in Rwanda for monthly household expenditure questions ( Table 1 ). Possession of the following assets was also ascertained: bench, table, chair, cupboard, sofa or armchair, and telephone and the possession of any luxury items. Furthermore, questions were asked about the materials used for the construction of the walls, floor, and roof of their house. A total economic parameter was then calculated based on monthly expenditure for the seven selected items, housing construction materials and possession of the mentioned assets. Second, the value of the family house was estimated by the monthly rent as if rented to someone else. Other measures of socio-economic status included the occupation of the head of household and the number of rooms in the house. Higher educational level of the head of the household was defined as at least 1 year of secondary school completed.
All children had a general examination by a physician, an eye examination by an ophthalmologist using a portable slit lamp, and a skin examination by a dermatologist. Vernal keratoconjunctivitis was defined as the presence of conjunctival papillae > 1 mm diameter over the upper tarsal plate and/ or limbal papillae. The presence of > 6 clock hours of limbal papillae was classified as severe VKC. Asthma was diagnosed on the basis of wheezing on auscultation after exercise challenge entailing an intensive pumping maneuver. 22 Eczema was defined using the criteria of Hanifin and Rajka. 23 Investigation of cases and controls. The following tests were performed on cases of VKC and controls. Controls for these tests were the first three children without VKC seen by the ophthalmologist after a case. 1) A blood sample was taken, kept on ice, and transported to King Faisal Hospital Laboratory, Kigali, Rwanda, where the sera were centrifuged and stored frozen at −18 °C before transfer. Specific serum immunoglobulin E (IgE) concentrations (CAP250, Phadia, Uppsala, Sweden) for Timothy-grass , Sorghum , Maize corn , mosquito ( Aedes communis ), Eucalyptus , Acacia , and Ascaris lumbricoides were measured in the Clinical Biology Laboratory (Ghent University Hospital, Belgium) and Strongyloides antibodies were determined by the Institute of Tropical Medicine (ITM, Antwerp, Belgium) by an enzymelinked immunosorbent assay (ELISA) (IVD Research, Inc., Carlsbad, CA). 2) A stool sample was collected. To avoid sample contamination the traditional toilet was cleaned before use and children were given detailed instructions on how to deliver and collect a sample, which was then labeled immediately and kept on ice. The stool specimens were transported to King Faisal Hospital Laboratory, where they underwent fixation (formalin) procedures. The preserved stool specimens were sent to ITM where the samples were processed for microscopic detection of ova both qualitatively and quantitatively (number of helminthes eggs calculated/ gram of feces) using the ether sedimentation technique adapted from Loughlin and Spitz. 24 3) Immediate hypersensitivity was assessed by skin prick tests (SPTs) using commercially available allergens considered common in Africa: goat and cow hair (Allergen Therapeutics Ltd., Worthing, UK), pig and cow dander, Johnson grass and Acacia (Lofarma, Milan, Italy ), Maize corn , Dermatophagoides ( D ) pteronyssinus , German cockroach , mosquito Aedes communis , Aspergillus , dog hair, with positive (histamine 10 mg/dL) and negative (saline) controls (Stallergenes, Antony France ). Cases and controls were tested on the volar surface of both forearms using disposable 1 mm prick lancets (Stallergenes). The reaction was recorded after 15 minutes by the dermatologist. The wheal size was calculated as the mean of the longest and perpendicular wheal diameters. A positive reaction was defined as either a wheal size of ≥ 5 mm, or between 3 and 5 mm if this was at least equal to 70% of the wheal of the positive control. The IgE-atopy and SPTsensitization were defined as a positive IgE-test or SPT, respectively, for at least one tested allergen other than Ascaris . All questionnaires, pediatric and dermatological examinations, SPTs, and laboratory investigations were undertaken in a masked fashion without knowledge of the child's VKC status. Statistical analysis. Data were double-entered in a Microsoft Access database (Redmond, WA) and logistic regression models (STATA software version 9.2, College Station, TX) were fitted to calculate the OR. Risk factors were introduced into the model starting with the variables with the strongest correlation with VKC (highest Pearson's χ 2 value). Significance levels of 0.05 and 0.01 were used in the evaluation of risk factors and possible interaction terms, respectively. The likelihood ratio test was used to decide which risk factors contribute significantly in describing the variation in the data. The goodness of fit of the logistic model was assessed using the Pearson's χ 2 test, comparing the observed frequencies with the expected frequencies predicted by the model.
RESULTS

Prevalence of VKC.
From a total of 3,447 children invited to attend this study, 169 could not be traced, 3 withheld consent, 219 children were outside the age limit according to their identity cards (contrary to school records), and an additional 7 children were excluded because it was not possible to confirm their identity. Therefore, a total of 3,049 children were recruited for this study with a participation rate among potentially eligible children of 94.7%. Of the 3,049 eligible children assessed a further 8 were excluded because of missing data. A total of 121 children were diagnosed with VKC giving a prevalence of 4.0% (95% confidence interval [CI] = 3.3% to 4.7%), with severe VKC in 39 of the 121 cases (32.2%). The total study population had an equal distribution by gender, climate, and urban background ( Table 2 ). Cases and controls for the tests had a similar distribution of baseline characteristics, except for gender with fewer boys among the controls ( P = 0.002) ( Table 3 ) .
Univariate analysis of risk factors for VKC. Demographic, socio-economic, and medical characteristics of the study population and their association with VKC are shown in Table 3 . The risk factors associated with the presence of VKC were socio-economic characteristics, male gender, and residence in a hot dry climate ( Table 2 ) . Living in an urban environment and sleeping on a foam mattress (as opposed to hay) were of borderline positive significance. Protective associations were a house floor made of earth or clay and close daily contact with animals. There was no association between VKC and the family smoking habits, reported food allergies of the child, number of siblings, educational level of the head of the household, kitchen fumes, insecticide use, and the construction materials of the house. Although age was not a significant overall risk factor, VKC was significantly more frequent in older girls, 12-14 years of age (OR = 1.5, P = 0.025). We found no significant interaction between age and gender. There was a significant association between VKC and asthma (OR = 4.7, P = 0.002), but not with eczema ( P = 0.94).
Results of investigations.
We collected stool samples from 120 (99.2%) cases and 360 (99.2%) controls. Neither the presence of Strongyloides antibodies nor the helminthic burden in the stools (for the individual helminthes and in total) was related to the presence of VKC, even after stratification and correction for anti-parasitic medication taken before the study ( Table 4 ). There was also no significant difference in the number of helminthic eggs between cases and controls ( P = 0.851). Vernal keratoconjunctivitis was not related to the level of any specific IgE concentration. The proportion of participants that reacted to none of the SPTs was 53.8% and 57.8% for cases and controls, respectively, without a statistically significant difference ( P = 0.46) between the two groups. Although there were three positive SPT results for Maize corn , an OR could not be calculated because there were no responders among the controls. Blood samples and SPTs were performed in 100% and 96.7% of cases and 99.5% and 97.5% of controls, respectively.
Univariate analysis of socio-economic factors. An increase in house value was generally strongly associated with other socio-economic parameters, urban environment, and sleeping on a foam mattress ( Table 5 ). Children living in richer households had significantly fewer helminthes in their stools, less animal contact, and fewer floors made of earth in their houses, and these effects were independent of urban environment .
Multivariate analysis. The following risk factors remained significantly associated with VKC in multivariate analysis: male gender (OR = 1.7, P = 0.005, 95% CI = 1.2-2.5), hot dry climate (OR = 1.5, P = 0.05, 95% CI = 1.0-2.1), and higher house value (OR = 1.4, P = 0.005, 95% CI = 1.1-1.7) . No statistically significant interaction between the retained variables could be found and there was no evidence of a weak fit for the overall model (Pearson's χ 2 = 10.1, P = 0.262). When we analyzed cases with severe VKC separately in a multivariate model, the number of rooms as an economic indicator (OR = 1.7, P = 0.005), animal contact (OR = 0.3, P = 0.005), male gender (OR = 2.5, P = 0.011), and dust exposure, (OR = 3.9, P = 0.024) became significant. Dust exposure was highly associated with hot dry climate (OR = 1.66, P < 0.001).
DISCUSSION
Although VKC is rare in temperate regions, 25 hospital-based studies from many parts of Africa have identified VKC as an important cause for hospital attendance, with figures ranging from 2.8% to 6% of patients of all ages 26 and rising to between 33% and 90% of children and adolescents. 5, 6 The high participation rate of our population-based study gave sufficient power and precision to provide a more precise estimate of the prevalence of VKC in this region and it enabled us to identify several relevant risk factors. Although sampling of pupils was based on family names, family cluster bias is unlikely because family names are not inherited in Rwanda. We found a population prevalence of 4% for VKC in the susceptible age group of 7 to 14 years, which is similar to the 5% reported in another population-based survey of children from Chad and Djibouti. 8 In contrast to Chad and Djibouti, trachoma is uncommon throughout Rwanda and any confusion between a diagnosis of VKC and trachoma is unlikely. By including children who had abandoned their primary school education, we think that our results are representative of the general Rwandese child population. The study was undertaken during the second half of the long dry season when we believe most cases of VKC would have been active. Our results confirm that VKC is a significant public health concern in Rwanda, particularly because there is a pyramidal population structure with nearly half of the population < 17 years of age. 27 Rwanda is a landlocked, densely populated country mainly situated more than 1,000 m above sea level with 83% of the population living in rural areas. 19, 27 Some regions have a drier climate than others. Around the capital Kigali (Kicuciro district) and in the Eastern province (Bugesera district) the annual temperature is above 20.5°C and the annual rainfall is < 1,000 mm/m 2 . In contrast, Muhanga district, which is situated on the central Plateau, has a more temperate climate with greater rainfall (> 1,200 mm/m 2 /annum). 19 There is to date little information on the specific factors that determine the high prevalence of VKC in Central Africa. We confirmed that VKC is more prevalent in hot dry regions. 7 We also identified exposure to dust as an important risk factor for severe disease, in line with other studies that have noted an association of VKC with nonspecific stimuli of conjunctival hyper-reactivity such as sun, dust, and wind. 3 However, the mechanism by which this irritation amplifies the signs of allergic eye disease is still unknown. 9 To the best of our knowledge this is the first population-based study to link VKC to a higher economic status. Previous case series noted that the majority of cases of VKC came from urban areas, 3, 17 but selection bias was likely in these hospital-based studies. There have been similar correlations in the literature with other allergic diseases and a "Western" lifestyle, 12, 28 or urban environment, 10, 11, 14, 29, 30 although these have been poorly defined. In our study it is unlikely that this link might be biased by misclassification of milder cases of VKC as the association remained significant even for severe cases. Vernal keratoconjunctivitis was associated with different ways of assessing economic status, which gives consistency to the results. Household assets are considered reliable indicators of long-term economic status in low-income countries because they tend to react less to economic fluctuation than other measures of household wealth. 21 Economic development has recently increased in Rwanda, especially around the major towns, and an assessment of the influence of growth on the prevalence of VKC would be of interest. Because mattresses are a recognized reservoir for microorganisms, 10, 12 analysis of mattress dust may help identify the reason for the link between economic status, sleeping on a foam mattress, and VKC.
There is conflicting evidence on whether an individual's parasite burden plays a role in the pathogenesis of atopy (hygiene hypothesis), 12, 13, [31] [32] [33] and if so, whether this is protective 14, 15, [34] [35] [36] [37] [38] [39] or promotes allergy. 16, [40] [41] [42] A role for parasites in the pathogenesis of VKC was suggested by the observed beneficial effect of anti-parasitic medication on the course of the disease, and the larger gastrointestinal parasite burden found in stools of VKC patients in Nigeria. 18 However, controls of these studies were recruited in hospitals, making them less representative of the general population and leading to selection bias. Our study could not confirm this association and we do not think that the effect of higher economic status on VKC acts through differences in intestinal parasites. Recently, the hygiene hypothesis has been broadened to include not only exposure to gastrointestinal infections, but also to several environmental microbial agents and commensal bacteria in the gastrointestinal tract. 43 Our study did not investigate differences in commensal bacte-rial flora in the intestinal tract, but the link between animal contact and the quality of housing with both VKC and economic status is consistent with this wider hygiene hypothesis.
Other large European, 44 Asian, 7 and South African 3 case series have confirmed that male gender is an important risk factor for VKC, with a male/female ratio ranging from 3.2 to 5.2, which is much greater than found in our study. However, other African studies have found no gender difference. 5, 8, 17 Studies from Europe 9 and Africa 45 have also found that girls are at significantly greater risk of developing VKC in their second decade. This may result from the increased production of androstenedione around puberty in girls. 46 Our study found a positive association between VKC and asthma, which is consistent with another population-based study from Djibouti. 8 Although VKC tends to be commonly associated with atopy (asthma, eczema) in temperate regions, many hospital-based studies from Europe, Asia, and Africa often found contradictory conclusions. 7, 17, 47, 48 These differences in the reported association of VKC and atopy may result from the different methods used to define asthma 22 and further studies using better ascertainment of asthma (e.g., peak flow measurements after exercise) are required.
There is a wide range in the reported levels of serum IgE concentrations 9 and the results of skin tests 47 in patients with VKC, and most series contain unresponsive patients. Cellmediated immunity to environmental allergens has been described as an important mechanism of VKC besides immediate hypersensitivity. 49 It is likely that the allergens responsible are area specific and small case series from Turkey have reported high levels of D. pteronyssinus -specific IgEconcentrations in patients with VKC 50 and in Israel, exposure to house dust mite played an important role in the aggravation of symptoms of VKC in patients who were known to be reactive. 51 Despite using locally relevant allergens for this study, we could not find a link between the results of the SPT or specific IgE serum tests and the presence of VKC. There are a number of possible explanations for this. It may be that a wide range of untested allergens is responsible for the disease, or that atopy is not required to develop limbal VKC in this population, as suggested by similar proportions of SPT nonresponders between VKC-cases and controls. An alternative explanation is that the tests we used did not reflect the activity of allergens active at the conjunctiva, or that non-specific ocular surface irritation has a dominant role.
In conclusion, this population-based study confirms that VKC is an important public health problem in hot and dry regions of Central Africa. Besides the effect of climate and male gender, higher economic status was identified as a risk factor for VKC. If this is true, with the growing economic development in Rwanda an increase in VKC-prevalence is to be expected. The parasitic burden in stools was not related to VKC. Further studies are needed to define the role of atmospheric pollutants in the development of limbal VKC and to identify other immunological, ocular surface, and environmental mechanisms that might determine the difference in prevalence in VKC observed between populations that live in urban or rural communities. Rwanda Meteorological Service, the directors of the schools involved and last but not least the participants and their guardians. We are also grateful for the excellent collaboration with the laboratory of King Faisal Hospital, Kigali (Dr. Vénérand Bigirimana) for the processing and packaging of the samples, with the Institute of Tropical Medicine of Antwerp and with laboratory Clinical Biology, Ghent University Hospital, (Ruth Reunes) for the analysis of the stool and blood samples, respectively.
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